ABSTRACT We used ßow-through respirometry on female mosquitoes to observe individual ventilatory pattern and to measure metabolic rate at rest, during activity and after a blood-meal. At rest, young adult females of the species Culex tarsalis ventilated cyclically with an average VCO 2 of 65 nl/min and frequency of 45 mHz. Both resting metabolic rate and body mass of females increased between emergence and 4 d, but only body mass continued to increase until 12 d. Mating status had no effect on the body mass or resting metabolic rate of the females. Both lipid and carbohydrate stores strongly increased during the Þrst week of adult life, in particular between emergence and 4 d, in which lipid mass increased 8.3-fold and carbohydrate mass increased 3.6-fold. Hourly metabolic rate after a blood or sugar meal was measured over a 6-d period in two groups of 14 females. Sugar-fed mosquitoes remained calm during the day and had nocturnal increases in metabolic rate associated with ßight activity. Blood feeding elicited a speciÞc dynamic action lasting Ϸ55 h, at the peak of which metabolic rate of the blood-fed females was twice that of the sugar-fed group. Eggs were laid on the third night. The increase in metabolic rate presumably reßected the cost of blood digestion and egg production. The females were not active during digestion, so that although their metabolic rate was increased, the overall energy expenditure of the blood-fed group was not very different from that of the sugar-fed group.
THE MOSQUITO SPECIES, Culex tarsalis, is widely distributed throughout North America and is the chief vector of western equine encephalomyelitis and St. Louis encephalitis viruses in the western United States (Reeves 1990) . It is also a strong candidate vector of West Nile virus in California (Goddard et al. 2002) . Because of its importance as a vector, its distribution, ecology, and methods of control have been widely investigated (Greever and Georghiou 1979 , Reisen and Lothrop 1995 , Wekesa et al. 1996 , Reisen et al. 1997a . However, information concerning respiration, metabolic expenditure, and energetic requirements for various life-history events is minimal.
Energy storage in adult Dipterans is generally in the form of carbohydrate, which is used for ßight metabolism, and lipid, which provides the energy at rest (Candy 1985 , Downer 1985 , Friedman 1985 . Both male and female mosquitoes ingest nectar for daily sugar provisions, but only females of blood-sucking species seek blood as the necessary protein source for oogenesis. A number of mosquito species have been studied with regard to the accumulation and utilization of energy stores throughout adult life (Van Handel 1965 , Van Handel and Lea 1970 , Briegel 1990a , Clements 1992 . Sugar metabolism, blood metabolism, and oogenesis have not been studied in the context of their inßuences on the metabolic rate of female mosquitoes.
It has been shown in many insect species that the modulation of ventilatory pattern by spiracular control is strongly related to the physical and biological factors that inßuence metabolism (Hadley 1994 , Lighton 1996 , Slama 1999 . Ventilatory control is instrumental in modulating oxygenation of the tissues and minimizing water loss from the tracheae. Little information, however, is available on the respiratory pattern of small insects (body mass Ϸ1 mg; Williams et al. 1997 , Williams and Bradley 1998 , Lehmann et al. 2000 , Fielden et al. 2001 , Lehmann 2001 , and no information is available on mosquitoes.
In this study, we used ßow-through respirometry to measure CO 2 production of adult female mosquitoes. The second-to-second pattern of CO 2 release was observed for the Þrst time in mosquitoes. The metabolic rate, for which CO 2 production is a correlate, was studied in sugar-fed females at Þve different ages between emergence and 16 d. Also, their metabolic rate during the digestion and oogenesis after a blood-meal was observed in the context of circadian rhythms.
These measurements have permitted us to provide insights into the ventilatory control of adult female mosquitoes and their metabolic requirements at different stages of adult life. They also lay the foundation for understanding the physiological ecology and dynamics of mosquitoes in heterogeneous environments.
Materials and Methods
The female Cx. tarsalis used in these experiments were from a lab-reared colony obtained from University of California Riverside and collected in Coachella Valley, CA. The rearing conditions were 25ЊC, Ϸ50% RH, and a 12:12 day/night cycle. Adult mosquitoes were raised on 10% sucrose solution and blood fed monthly on live chicken to induce egg production. The mosquito colony has been maintained for at least 50 generations in our laboratory, in these conditions.
Respirometry
We used ßow-through respirometry and Sable Systems software (Datacan V; Sable Systems, Las Vegas, NV) to determine the rate of CO 2 production (VCO 2 : nl/min). The ßow-through respirometer consisted of a pump creating positive pressure in the system, an 8-port multiplexor managing up to eight chambers at a controlled ßow of 100 ml/min, and a CO 2 infrared analyzer (Li-Cor 6251, Lincoln, NE). Incurrent air was scrubbed of CO 2 and H 2 O by a lye bath, two silica gel columns, and one drierite/ascarite column. The air was then returned to 80% RH by passing the air stream through a saturated solution of (NH 4 ) 2 SO 4 . The computerized data acquisition system controlled the multiplexor and logged data from the analyzer. The entire system was housed in a temperature-controlled room at 25ЊC. Each measurement was corrected against a baseline value obtained from an empty chamber measured before and after each recording to determine zero CO 2 concentration and correct for instrument drift. All values of CO 2 are expressed as nanoliters of CO 2 at 25ЊC at sea level.
Ventilatory Pattern and Measurements of Resting Metabolic Rate (RMR)
Individual RMR (as measured by average VCO 2 ) of female mosquitoes was determined for nine treatments: at emergence (virgins), then mated and nonmated at 4, 8, 12, and 16 d. These treatments were chosen to: 1) compare the RMR of mated and nonmated females, and 2) investigate the change in RMR with age. To control mating status, females were eclosed individually in vials and then placed in cups with or without males. To determine a VCO 2 representative of a nondigestive state, female mosquitoes were starved for 24 h before the experiments. For the treatment consisting of females at emergence, these were not fed and their RMR was determined within 16 h of emergence. The mosquitoes were then placed in chambers of volume 0.5 ml 45 min before measurements to allow them time to adjust to the environment. The computerized control program permitted automatic sampling of resting metabolic parameters without further manipulation or disturbance of the mosquitoes. The multiplexor used allowed measurement of seven individuals at a time, the eighth port being used for baselining. The data acquisition program recorded CO 2 release during 5 min for each of seven females randomly chosen from different treatment groups and twice for an empty chamber (baseline value), totaling 45 min per run. The program was run twice, consecutively, for each group of 7. All experiments were done between 10 a.m. and 5 p.m., which is from 3 h after the onset of light to 2 h before dark. After each measurement, we obtained the wet weight of each mosquito on a Cahn electrobalance (Cerritos, CA). The mosquitoes were then dried in a 60ЊC oven for 24 h and weighed again. Sample size consisted of 27Ð28 females for each treatment.
To characterize the resting ventilatory pattern of female mosquitoes, we analyzed a subset of the sequences obtained. We deÞned RMR as the metabolic rate of those mosquitoes that were nondigesting, inactive, and presenting a cyclical pattern of CO 2 release.
All values of RMR were obtained by averaging the last 4 min of resting ventilation for each mosquito. Data of mosquitoes that did not present the characteristic resting pattern were discarded.
Biochemical Analyses
Lipid and carbohydrate measurements were obtained for individual females at emergence, 4 and 8 d. Twenty females were used per age group for each analysis. For both measurements, sugar water was removed from the rearing cups 24 h before a given age. Females measured at emergence did not have access to sugar water at all.
For lipid measurements, females of a given age were weighed, dried for 24 h, weighed again, and then placed individually in 10 ϫ 50 Whatman thimbles. The thimbles were secured with paper clips and placed in the extractor of a Soxhlet apparatus with petroleum ether as the solvent. They were extracted for 24 h, dried for 24 h, and weighed again. The difference between weight pre-and postextraction was considered the total lipid content of the female mosquitoes.
Carbohydrate content was determined using Van HandelÕs hot anthrone reaction, as modiÞed by Djawdan et al. (1997) . For each age group, females were weighed, dried for 24 h, weighed again, and then individually placed in 1.7-ml microcentrifuge tubes. Five hundred microliters of distilled water were added to each tube, and the mosquitoes were homogenized using a hand-held, battery-operated grinder. The tubes were placed in boiling water for 5 min, after which 100 l from each was transferred to a 13 ϫ 100-mm test tube. Three milliliters anthrone reagent (150 mg anthrone/100 ml 72% sulfuric acid) was added to the tubes, which were then incubated in a water bath at 90ЊC for 20 min. Two duplicate standard curves were prepared as well as three samples of a known amount of glycogen that were assayed in parallel to the mosquito samples.
Diurnal Pattern and Metabolic Effect of Blood Feeding
The diurnal pattern of CO 2 release was measured in chambers of volume 500 ml. Large chambers, more similar to the rearing cages, were used to study females as a group and to better mimic the conditions in the colony. Each Plexiglas chamber contained a vertical strip of paper towel to allow mosquitoes to cling and rest and a small dish of sucrose solution.
Insects were raised to 5 d with 10% sucrose. After 24 h of fasting, the experimental group was presented an anesthetized mouse and the control group was presented a sucrose solution. Thirty minutes later, each group of 14 females was placed in a separate chamber, and average hourly CO 2 production was obtained over a period of 5 d. Automatic sampling of CO 2 prevented disturbance of the females during the experiment. The data acquisition program was set up to constantly record the average CO 2 concentration of the out-ßowing air using 1-min averaging intervals. The acquisition program switched between the sugarfed group and the blood-fed group every half hour, with 5 min spent in between on an empty chamber for baselining. This setup was repeated during 5 days and nights. The CO 2 production per hour for each chamber was obtained by averaging the last 10 min of each sequence. A 12:12 day/night cycle was maintained throughout the experiment. Results of VCO 2 are expressed as hourly average per female, as the mass of the insects studied could not be determined during the experiment.
Measurement of Diurnal Change in Flight Activity
To assess whether diurnal changes in average CO 2 release were caused by ßight, a cage with 10 females was equipped with two coupled light-emitting diodes (LEDs) and phototransistors. The LED/phototransistors were installed at a 45 o angle from each other, and four sides of the chamber were covered with aluminum foil to increase the volume of the chamber traversed by the light beams. Sable Systems software was used to measure both the frequency of interference of the beams and the CO 2 release rate during 24 h. The computerized data acquisition system switched from the experimental chamber to an empty chamber every hour during 5 min to correct CO 2 values against a baseline. Hourly movement frequency values were averaged over each 55-min period, and average VCO 2 values were calculated using the second half-hour of each period. The frequency values obtained do not correspond precisely to distance ßown or number of mosquitoes ßying, but rather give an indication of the intensity of ßight activity in the chamber. Similarly, frequency values of zero do not indicate a complete absence of movement in the chamber, but that ßight activity was minimal.
Data Analysis and Statistical Methods
All CO 2 production recordings were processed using the DATACAN analysis package. CO 2 levels were recorded in parts per million and converted to nanoliters/min. Statistically signiÞcant differences were assessed using one-way analysis of variance (ANOVA), followed by a Tukey-Kramer test. Because no statistically signiÞcant differences were found between fertilized and virgin females for body mass and RMR (see below), the results of the two treatments were pooled by age group.
Results

Ventilatory Pattern at Rest
At rest, all female mosquitoes respired cyclically. An example of the raw data obtained for a single female is shown in Fig. 1A . On average, females released CO 2 in rhythmic bursts with a frequency of 45 mHz and rate of 65 nl/min. The amplitude of the cycle seemed to vary among females, regardless of age.
The time constant of the chambers used dictates that 95% of the air is replaced every second (volume ϭ 0.5 ml, ßow rate ϭ 100 ml/min). The DATACAN computer program obtained each data point by averaging 411 values acquired during the previous second. Periods of minimal CO 2 release spanned up to 5 s. Consequently, the fact that values never reach zero is not an artifact of low resolution of the system, but rather an indication that rates of CO 2 release from the mosquito did not go to zero even for a few seconds. Fig. 1B shows an example of a burst of CO 2 release resulting from sudden activity of the insect (caused by slight tap on the chamber), in which the maximum rate of CO 2 release increased 9-fold. 
Effect of Age and Body Mass on RMR
Body mass increased signiÞcantly between emergence and 4 d, and between 8 and 12 d (Table 1) . Water content of the females increased only between 8 and 12 d, but otherwise remained constant. Average RMR increased after emergence, then did not significantly change between different age groups. By contrast, mass-speciÞc RMR signiÞcantly decreased between emergence and 8 d (Fig. 2) .
Pooling all age groups, a signiÞcant positive correlation was found between body mass and RMR (Fig. 3) .
Changes in Lipid and Carbohydrate with Age
Female mosquitoes accumulated both lipid and carbohydrate during their Þrst week of adult life. Table 2 shows the body mass, water, lipid, and carbohydrate content at different ages for the females tested. Fig. 4 illustrates the changes in dry mass-speciÞc lipid and carbohydrate contents with age.
Lipid levels were 8.3 times higher at 4 d than at emergence. Carbohydrate levels at 4 d were 3.6 times higher than at emergence, although the increase was not found to be signiÞcant (Tukey-Kramer posthoc test).
Effect of Insemination on Body Mass and RMR
As Cx. tarsalis females are known to produce eggs autogenously, it was of interest to test whether inseminated females showed an increased body mass or RMR compared with virgins because of ovarian development and energy storage for egg production. No signiÞcant differences were observed in any age group between mated and virgin females for body mass or RMR (Table 3) .
Diurnal Pattern and Effect of Blood Feeding on Metabolism
We measured the average hourly CO 2 production of sugar-fed and blood-fed females during 5 day/night cycles ( Fig. 5, A and B) , between the ages of six and 11 d postemergence. After a period of habituation in the chamber, the sugar-fed mosquitoes demonstrated a crepuscular increase in CO 2 production. VCO 2 was low and constant during the light hours (on average 47 nl/min female) and increased on average 3-fold after dark, peaking up to 5-fold 2Ð3 h into the night.
The pattern of average VCO 2 presented by the blood-fed group was very different. The crepuscular pattern completely disappeared during the Þrst 48 h after feeding. Instead, average CO 2 production steadily increased during 20 h from 100 to 160 nl/min per female, then slowly decreased for Ϸ36 h. On the third night, CO 2 release rate was approximately double that of the sugar-fed group, and on the following morning several egg batches were observed in the chamberÕs water dish. On nights 3, 4, and 5, maximal VCO 2 was observed during the hour before light. On day 4, average metabolic rate was not signiÞcantly different between the blood-fed and the sugar-fed groups (P ϭ 0.69).
In an attempt to understand the diel pattern observed, we measured CO 2 release rate for 24 h, simultaneously recording ßight activity using infrared sensors. Measurement of CO 2 release rate and light beam interruption frequency showed that nocturnal increase in average VCO 2 was, at least in part, caused by ßight activity (Fig. 6) . The high VCO 2 obtained during the Þrst few hours of measurement under conditions of low ßight activity was probably caused by the recent manipulation of the mosquitoes (note a similar effect at the beginning of Fig. 5) . During the night, activity peaks occurred during similar periods as did peaks in CO 2 release. The following day, CO 2 release returned to low values and activity was minimal. Values of body mass, water content, and RMR for this experiment are given in Table 1 . 
Discussion
These are the Þrst measurements reported on the second-to-second rate of CO 2 release from single mosquitoes. As a result of these novel technical approaches, new insights regarding mosquito respiratory and metabolic physiology are presented.
Ventilatory Pattern
We found that female mosquitoes of the species Cx. tarsalis ventilated cyclically at rest, but their CO 2 release rate never reached zero. Large insects such as beetles (Chappell and Rogowitz 2000, Chown and Holter 2000) , large ants Wehner 1993) , and grasshoppers (Hadley and Quinlan 1993) respire by discontinuous gas exchange cycle (DGC) at rest. DGC is characterized in part by a period of complete closing of the spiracles (Lighton 1996) . Spiracular control of respiration is thought to have two functions, namely modulating the rate of O 2 uptake and CO 2 release, as well as reducing respiratory water loss. The time constant of the chambers we used indicates that Cx. tarsalis never exhibited the closed phase typical of DGC. Nevertheless, the regular cycle of CO 2 release found in the current study strongly suggests that female mosquitoes actively control their rate of gas exchange. The cycle observed is possibly caused by an endogenous rhythm neurophysiological in origin similar to coelopulses (Slama 1999) . Coelopulses cause, by moving the hemolymph, compression and expansion of the tracheae, which result in pressure differentials and bulk ßow of air through the tracheal system. The mosquitoes might also be opening and closing their spiracles, but either they do not close them all simultaneously, or the residual CO 2 measured during the dips corresponds to trans-cuticular diffusion. Whether they close completely or not could be assessed by measuring O 2 consumption, because O 2 would not diffuse inward during the closed phase. Unfortunately, ßow-through systems do not yet have sufÞcient resolution for the measurement of second-to-second oxygen uptake by such a small insect.
In Drosophila melanogaster, insects of comparable dry mass (Ϸ1.6 Ð2.2 mg; Folk et al. 2001) , DGC was also never observed, and the pattern of CO 2 release was very irregular. However, female Drosophila that had undergone selection for enhanced desiccation resistance presented higher peaks of CO 2 release, without increasing their average rate of CO 2 release (Williams and Bradley 1998) . This result suggests that, although D. melanogaster do not present a typical DGC, they also control the release of gas from their tracheae (see also Lehmann 2001) .
Age, Body Mass, Energy Stores, and RMR
The body mass of Cx. tarsalis increased throughout the Þrst 2 wk of adult life, but their RMR did not change after the fourth day. This result suggests that the females produced metabolically active tissue between emergence and 4 d and then accumulated nonmetabolizing energy stores such as lipid and carbohydrate (for a discussion of nonmetabolizing energy stores, see Djawdan et al. 1997) .
After emergence, mosquitoes are not yet optimally active and require several days for the full development of some organs. These organs include the midgut epithelium, salivary glands, and organs of ßight, among others (Clements 1992) . Our emergence RMR measurements were done on mosquitoes that ranged in age from 2 to 20 h. Possibly their RMR increased between emergence and 4 d as a result of tissue growth and maturation that occurred during that time.
Sugar is obtained on a daily basis by mosquitoes and is stored in their crop, where it is partly hydrolyzed by a salivary enzyme. The resulting hexose molecules are used for glycogenesis and lipogenesis, in proportions that are species and stage speciÞc (Clements 1992 ). Adult energy metabolism has been extensively studied in several mosquito species (Briegel 1990a , b, Briegel and Timmermann 2001 , Ziegler and Ibrahim 2001 . For example, Aedes albopictus and Ae. aegypti accumulate glycogen during the Þrst week and lipid during Table 2 . 
Mean Ϯ SE, n in parentheses. Means in each column followed by different letters are signiÞcantly different after performing the Tukey-Kramer test.
the Þrst 2 wk of adult life . In Cx. tarsalis, in this study, both lipid and carbohydrate contents changed with age after the same pattern, but during the Þrst days lipid synthesis was much more rapid than carbohydrate synthesis. The ratio of lipid to carbohydrate mass changed from Ϸ2 to 4 between emergence and day 4. This is quite different from reports of Ae. aegypti, which had a ratio change from 5 to 3 over the same time period (Briegel 1990b) . Cx. tarsalis, in this experiment, store lipids in large quantities early during adult life. This characteristic may be related to the autogenous potential of this species.
The average metabolic rate of female Cx. tarsalis at 4 d was 55.4 nl CO 2 /min. Lanciani and Anderson (1993) found comparable values for oxygen consumption in Anopheles quadrimaculatus at the same age (59 Ð70 nl O 2 /min), using closed system respirometry. RMR of Drosophila virilis, insects of similar body mass, was found to be higher, on the order of 106 nl/min (Lehmann et al. 2000) . Our experiments were conducted during the day. It is not surprising that mosquitoes, which are nocturnally active, show a lower metabolic rate during the day than very active fruit ßies.
The variation in dry mass among and within age groups was correlated to a variation in RMR, with an exponent of 0.45Ð 0.65. Allometric relationships of body size to metabolic rate have been shown in many cross-species comparisons, including termites (Jeeva et al. 1999 ) and ticks (Lighton and Fielden 1995) . Vogt and Appel (1999) found that, in the Þre ant, VO 2 could be accurately predicted by mass for males, but not for females. Males of this species are adapted to rapid ßight and mating, and thus have high proportions of metabolically active tissue, whereas females focus on fat storage and egg production. In mosquitoes, female ßight is a strong determinant of Þtness, and although, as lipid and carbohydrate measurements show, they accumulate substantial amounts of reserves as they age, their RMR remains signiÞcantly correlated to their body mass.
There was some variation between females of a given age in body mass and RMR. It has been shown that conditions in which the larvae are reared (crowding, food, temperature) determine in great part the adult size of mosquitoes (Timmermann and Briegel 1999) . In our study, all larvae were reared in very similar conditions. Despite this, duration of larval stage varied between females from 2 to 3 wk and may have affected teneral body mass.
Body Mass and RMR in Relation to Mating Status
In this experiment, the mating status of females had no effect on their RMR. Cx. tarsalis is an autogenous species. Previous selection experiments have shown that autogeny in Cx. tarsalis is genetically determined and inherited as a dominant autosomal trait (Eberle and Reisen 1986) . The mosquitoes studied in this work are derived from a colony that was not selected for (or against) autogeny, i.e., the colony was regularly blood fed and all the eggs laid were collected and reared. When groups of mosquitoes were left in cages with sugar water and no access to blood, some females laid eggs, but the proportion of those doing so, and the number of eggs laid per batch, were small. In females of some autogenous species, insemination stimulates follicular development and vitellogenesis (OÕMeara 1979) , and thus may cause those females to accumulate more energy stores than virgin females. In this experiment, no differences were found between inseminated and virgin females, so if follicular development was initiated by insemination, it did not change the rate of increase in body mass or the RMR of the females studied.
Diel Pattern of Metabolism
Flow-through respirometry allowed us to measure diurnal metabolic patterns of female mosquitoes. We did not, in the experiment, use gradual dawn and dusk. The abrupt changes in lighting were identical with the conditions in which the colony was reared. We found low and constant average metabolic rates during the day (47 nl CO 2 /min per female). At night, metabolic rates increased more than 3-fold, staying variable, but high throughout the whole periods of dark.
Adult circadian rhythms in mosquitoes have been widely investigated. They are sex and species speciÞc and are regulated endogenously (Clements 1999) . Each species expresses a particular behavior (mating, feeding, oviposition) at a speciÞc period during the diel. Increased nocturnal activity has been observed for Cx. tarsalis in the Þeld. Host seeking was found to start at sunset, continue or increase in intensity for 1Ð3 h, then decrease in the late evening and stop around sunrise (Reisen et al. 1997a) . Also, Takahashi and Harwood (1964) found that most females sugar fed principally in the hours before dawn, after depleting their glycogen reserves during the Þrst half of the night. Despite multiple generations of lab rearing, the females studied under lab conditions showed similar activity patterns to those of Þeld Cx. tarsalis.
Effect of Blood Feeding on Metabolism: Energetic Cost of Digestion and Egg Production
Female mosquitoes feed on two food sources in the wild: nectar or other sugar sources and blood. The frequency of feeding on each source and the mechanisms of digestion associated with them are very different. As stated previously, a sugar meal of generally small volume is stored in the crop and digested into hexose molecules, which are then metabolized. A blood-meal is very large in comparison, to the point of affecting the ßight capability of the replete female. Energy is required for the synthesis of a peritrophic matrix, the secretion of enzymes, the metabolism of the blood components, the initiation of vitellogenesis, and the excretion of the toxic by-products (for review, see Clements 1992) . The group of females that received a blood-meal showed a very different pattern of CO 2 release than did the sugar-fed group. During 2 d, the blood-fed females did not show an increased nocturnal activity. Rather, their VCO 2 followed a parabolic shape, increasing up to double the value of sugar-fed daytime metabolic rate Ϸ24 h postbloodmeal. This parabolic curve represents the extra energy spent metabolizing the meal and producing eggs. Houk et al. (1979) found, in Cx. tarsalis, that the peritrophic matrix becomes mature Ϸ20 Ð24 h after the blood-meal. Our study showed that maximal metabolic rate was attained during that period. At the zenith of blood digestion, metabolic rate of blood-fed females was more than double that of sugar-fed females. Between 36 and 44 h after the blood-meal, the females excreted the degraded peritrophic matrices and blood by-products, as indicated by the presence of dark feces in the cage. At that point, the energy allocated toward egg production constituted a 35% increase compared with sugar-fed daytime metabolic rate. These data offer valuable information about the energetic cost of blood digestion and egg production in female Cx. tarsalis.
Although blood digestion induced a strong, shortterm increase in metabolic rate, the metabolic rate of both groups was quite similar over the 5-d measurement period. During digestion, the females did not ßy about the cage. As a result, the energy allocated to host seeking in the nonblood-fed females was diverted toward blood digestion and egg production after the blood-meal. It seems therefore that on average, because of a shift in behavior, blood-fed females did not spend more energy over the course of the experiment than did sugar-fed ones. Analysis of metabolic rate, of which CO 2 release is a correlate, has allowed us to evaluate the effects of individual size, host seeking, digestion, and egg production on energetics in mosquitoes. This information can prove very useful in estimating energy expenditure over the life span of a population, including number of gonotrophic cycles, both strongly related to vectorial capacity.
